One of the main challenges in the study of biological materials is their manipulation without causing damage to the natural structure. The advances achieved in the last decades in the fields of micro-and nano-fabrication and bio-nanotechnology now permit the manipulation, imaging and characterisation of biomaterials in a controlled manner, and their integration with micro-and nano-structures to serve as new and sensitive biosensors. This book reviews the several techniques and methodologies in use in this field highlighting their main advantages and shortcomings.
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The basic concepts, the main challenges and major aspects to consider when working with biological samples at the micro-and nano-scale level are reviewed in Chapter 1. This introductory chapter discusses changes associated with scaling down the sample size from the macro-to the micro-and nano-level, and the several factors to consider for selecting the best sample manipulation technique for each particular application. These techniques are described in subsequent chapters using an essentially standard format that includes a description of the basics and theoretical aspects, a review of the main methodological approaches and their respective challenges and a final discussion of their most important advantages and limitations through representative studies. Two-dimensional nano-manipulation using scanning probe microscopy for liquid applications is discussed in Chapter 2 which describes in detail the main components of the instrumentation and the different operating modes. The problems faced when applying this contact technique to the study of biological systems in their native environment and the technical solutions proposed to solve them are illustrated through practical examples. Manipulation of biological particles with electrical fields is the topic of Chapter 3. Theoretical aspects of dielectrophoresis, the most commonly used method for the manipulation of biological structures, are discussed in detail for particles resembling biological entities in shape, i.e. spherical, prolate ellipsoids and multilayered particles. The several strategies in use for shortening and moving the particles, and the merits and more serious drawbacks of the technique for application to real biomaterial manipulation are also illustrated through selected examples from the literature.
Manipulation and confinement of small biological and macromolecular entities using optical-based approaches is the subject matter of Chapter 4. Basic set-ups for both in vitro and in vivo manipulations are presented, and the state-of-the-art and future perspectives discussed on the light of various applications. Basic principles of ultrasonic manipulation are explained in detail in the first part of Chapter 5 followed by a description of different ultrasonicbased systems on the basis of the intended determination. The several application fields of these non-contact techniques, alone or in combination, are briefly discussed and the potential directions for future progress identified. Chapter 6, concerning current knowledge regarding mechanical three-dimensional tweezers, is used as a starting point to discuss recent developments on the use of nanotweezers and nanogrippers with a particular focus on electrothermal and electrostatic grippers. The basic theory governing magnetic separations, the sources of magnetization in particles and the alternative strategies used to increase it, as well as the different systems employed to manipulate biological particles with magnetic fields are reported in Chapter 7 together with their main merits and limitations.
The numerous recent advances in the field of microfluidics have yielded microfluidic devices that allow manipulation, separation and analysis of biological samples in a very short time, with minimal cost and power consumption. More importantly, alone or integrated with some of the previously reviewed manipulation techniques, microfluids allow the treatment of biomaterials under their natural environments. Microfluids are the topic of the last chapter of the book where there is a description of the principles and devices that allow the manipulation of biological samples using different combinations of confined flows, diffusion and surface effects.
Written as a multi-authored text by pioneers and specialists in their respective research fields, this timely monograph is not only an exhaustive and updated compilation of bibliography related to micro and nano techniques in use for efficient manipulation and integration of biological materials, but also a practical guide for all those interested in their direct application to practical studies. This book is an ideal text for academics, physicians and scientists working in this interesting and promising research area, but is also suitable for newcomers trying to obtain a general but complete overview of the subject.
